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effects the bone to lose its strength and prone to 

fracture especially at wrist, hip and spine.2 

Oestrogen plays a crucial part in maintaining bone 

structure and density 3 through various mechanisms 

involving bone cells such as osteoblasts, osteocytes 

and osteoclasts and  immune cells which function at 

balancing the bone resorption and bone formation.4 

Therefore, deficient in oestrogen level may cause 

bone resorption to outweigh the bone formation and 

induce bone loss predominantly trabecular bone, 

about 3% to 5% within 5 to 10 years.2  In osteoporosis, 

trabecular bone is more prone to be affected. This is 

because the trabecular bone is metabolically more 

active and regularly remodelled than cortical 

bone.5,6 Hence, the loss of bone can be observed 

with an increment of trabecular separation and 

decline in trabecular bone volume fraction as well as 

bone trabecular number.6  
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ABSTRACT 

 

Introduction: Post-menopausal osteoporosis is the most common type of osteoporosis, which occurs due to a 

deficiency of oestrogen following menopause. Considering the adverse effects of oestrogen replacement 

therapy, natural products may serve to replace the current conventional treatment. Ficus carica (FC) which 

is commonly known as fig may have a potential in treating post-menopausal osteoporosis due to their 

abundance of important minerals and bioactive compounds such as phenolic, flavonoid and anthocyanins. 

This study aimed to evaluate the effects of FC on bone metabolism of ovariectomized rats. Materials and            

Methods: Fifty-six female Spraque-Dawley rats were randomly divided into seven groups; SHAM operated 

(SHAM), ovariectomized control (OVX), ovariectomized + 64.5 µg/kg oestrogen (ERT), ovariectomized + 50 

mg/kg aqueous extract of FC (AQ50), ovariectomized + 100 mg/kg aqueous extract of FC (AQ100), 

ovariectomized + 50 mg/kg raw FC (RW50), and ovariectomized + 100 mg/kg raw FC (RW100). After eight 

weeks of treatments, rats were euthanized and femurs were dissected out to measure bone osteocalcin, C-

telopeptide of type 1 collagen and bone estrogen level. Results: RW50 and RW100 showed an increasing 

trend in osteocalcin levels and also oestrogen level, but no significant difference between all groups. RW50 

and RW100 also showed significantly reduced C-telopeptide of type 1 collagen levels compared to OVX 

group. Conclusion: These findings suggested that raw FC at the doses of 50 mg/kg and 100 mg/kg have 

potential to improve bone in treating post-menopausal osteoporosis. However, this need to be confirmed 

with higher doses.  
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INTRODUCTION 

 

Osteoporosis is an asymptomatic skeletal disease 

with decreased bone mineral density and bone mass 

as well as micro-architectural deterioration of 

bone.1 This disease also has been widely known as 

one of the main public health problems associated 

with ageing especially among post-menopausal 

women.  Post-menopausal osteoporosis (PMO) is the 

primary cause of osteoporosis due to reduction of 

ovarian oestrogen level after menopause which 
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Estrogen replacement therapy (ERT) is the main 

medication in treating and preventing bone loss in 

postmenopausal osteoporosis. However, the adverse 

effects associated with the long-term use of ERT 

have been revealed which include breast cancer, 

uterine cancer and stroke. These adverse effects 

are reported to outweigh its benefits.7 Hence, the 

intake of ERT has been revised and restricted due to 

safety concerns.8 Besides, there are other 

pharmacological treatments available, approved by 

Food and Drug Administration (FDA) such as 

bisphosphonate, calcitonin, selective estrogen 

receptors modulators (SERM) including raloxifene, 

arzoxifene and lasofoxifene which may help in 

increasing the bone mass and preventing bone loss 

and fracture. However, these drugs also possess side 

effects such as renal problem, eye inflammation, 

osteonecrosis of the jaw bone, malignancy and 

increased risk of deep vein thrombosis.9,10 This has 

led to the discovery of alternative anti-osteoporotic 

agents based on natural products with minimal side 

effects.  

 

Natural products such as turmeric, Nigella sativa 

(black seed), Labisia pumila (kacip fatimah) and 

Piper sarmentosum (daun kaduk) are widely used 

traditionally by women as these plants possess many 

therapeutic benefits.11–14 These plants contain 

abundance of anti-oxidative compounds. It has been 

shown that, antioxidant compounds can improve 

bone quality by inducing endogenous anti-oxidative 

enzymes such as superoxide dismutase, catalase and 

glutathione peroxidase.15 These anti-oxidative 

enzymes will help in scavenging oxidative stress, 

which is known to contribute to bone loss. Another 

widely cultivated plant nowadays is Ficus carica 

(FC) or also known by the locals as figs or ‘buah 

tin’. Figs are widely cultivated worldwide such as in 

Turkey, Egypt, Spain and Asian countries such as 

Malaysia.16 However, there is paucity in literature 

on the therapeutic benefits of figs. This plant is rich 

in minerals which is responsible in promoting bone 

health such as strontium, magnesium, phosphorus, 

iron and calcium.17 FC contains a lot of bioactive 

compounds such as phenolic (10.90 µg GAE/mg 

sample), flavonoid (2.7 µg CE/mg sample), alkaloid 

(9.6 %), saponin (0.59 %) and anthocyanin (100 mg/ 

100 g).17,18 Quercetin rutinoside was the main 

individual phenolic compound found in fig which is 

16 mg/100 g of fresh weight for peel while 1.8 

mg/100 g of fresh weight for pulp. Meanwhile, the 

main anthocyanin present in fig was cyanidin-3-

rutinoside;108.9 mg/100 g for peel and 9.5 mg/100 

g for pulp.18  

 

In another study done by Dudaric et al. 19 they 

reported that these bioactive compounds were 

found to exert bone protective effects in 

maintaining bone health through anti-inflammatory, 

anti-oxidative and osteoimmunological effects. 

Studies have found that FC exerts an anti-

inflammatory activities as it was reported to 

suppress the expression of interleukin (IL) 1β (IL-

1β), IL-6 and tumour necrosis factor alpha (TNF-α) 

together with inhibition of xanthine oxidase (XO) 

enzyme, prostaglandin (PGE2), nitric oxide (NO) and 

lipoxygenase enzyme.20–24 Pro-inflammatory 

cytokines had been suggested to be involved in 

development of post-menopausal osteoporosis. A 

study by Yokota et al. 25 revealed that both TNF-a 

and IL-6 may produce synergistic effect in inducing 

osteoclast differentiation. In addition, IL-1  has been 

found to enhance receptor activator of nuclear 

factor kappa-B ligand (RANKL) -induced osteoclast 

and stimulate osteoclast differentiation.26  

 

Bone remodelling undergoes continuously 

throughout the lifetime in order to repair micro-

cracked of bone, adapt in the changes of 

mechanical forces, shape the bone during bone 

growth and regulate bone mineral homeostasis. It 

can be assessed by measuring bone biochemical 

markers either bone formation markers  including 

alkaline phosphatase (ALP), osteocalcin (OC), 

procollagen type 1 amino terminal propeptide 

(P1NP) or bone resorption markers which are 

osteoprotegerin (OPG), C-telopeptide of type 1 

collagen (CTX-1), amino-Terminal cross linked 

telopeptides of type 1 collagen (NTX) and 

sclerostin.27 In the present study, we measured bone 

osteocalcin and CTX-1 since both markers are the 

most commonly used bone markers in assessing bone 

turnover.  

 

Phytoestrogenic properties of plant may be 

beneficial in protecting post-menopausal bone loss 

as they have an affinity to estrogen receptor due to 

their structural similarity to 17-beta-estradiol which 

resulting in bone formation and suppression of 

osteoclast differentiation.28 Its effectiveness against 

post-menopausal bone loss has been evaluated and 

the results reported that they increased bone 

mineral density (BMD), reduce bone resorption 

marker, induced  osteoprotegerin (OPG)  and  bone 
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 Tribromoethanol. Each rat in the OVX group 

underwent a single two centimetres (cm)  midline 

ventral incision, while each rat in the control group 

underwent a sham procedure according to the 

method described by Sophocleous and Idris.30 The 

sham-operated rats underwent surgery where the 

ovaries were identified but they were left intact.   

   

Preparation of Ficus Carica and Estrogen 

 

The fresh and ripped F. carica fruits were purchased 

from Fig Fertigation (Kajang, Malaysia). The aqueous 

extract of F. carica was prepared by Phytes Biotek 

Sdn. Bhd. (Shah Alam, Malaysia). Meanwhile, raw F. 

carica was prepared by mixing fresh figs with 

deionized water to form raw fig puree. The extract 

and fresh figs were dissolved with deionized water 

and given at the dose 50 mg/kg and 100 mg/kg. 

Estrogen Premarin ® solution (Wyeth-Ayerst, 

Canada) was prepared by crushing the tablet 

containing conjugated oestrogen with mortar and 

pestle, diluting in deionised water and given at the 

dose of 64.5 μg/kg rat weights. All the treatments 

were administered daily at 9 am via oral gavage for 

eight weeks. 

 

Preparation of Bone Samples 

 

After completion of treatment, all rats were 

euthanized using high dose of diethyl ether. Bones 

were dissected out and cleaned from adhering 

muscle. Then, the bone samples were stored at -

80oC until the analysis. 

 

Bone Biochemical Marker Analysis 

 

a) Bone osteocalcin (OC) 

 

Bone formation marker, osteocalcin (OC) was 

measured using Enzyme-linked immunosorbent assay 

(ELISA). The kit used was Rat osteocalcin kit 

(Sunlong Biotech, China). Before starting the assay, 

the bone was rinsed with phosphate buffered saline 

(PBS) to remove the blood clot.  Then, the bone 

homogenate was prepared by homogenizing 20 mg of 

bone with PBS buffer, and centrifuged at 10,000 x g 

for 5 minutes. The supernatant was then collected 

for analysis. The concentration of osteocalcin level 

was measured spectrophotometrically at 450nm  and 

the assay was conducted according to 

manufacturer’s instruction. 

 

morphogenetic protein-2 (BMP-2) gene expression 

while down-regulating the  receptor activator of 

nuclear kappa-B ligand (RANKL) gene expression of 

ovariectomized rats.29 Hence, the objectives of this 

study are to investigate the effects of Ficus carica 

on the bone markers together with estrogen           

level of ovariectomized rats as post-menopausal 

osteoporotic rat model. Bone biochemical markers 

were measured as it reflects specific physiological 

mechanisms in the bone and indicates the activity 

of bone metabolism as well as bone remodelling. To 

the best of our knowledge, this is the first study to 

look at the effects of Ficus carica fruit on bone 

metabolism and oestrogen level of post-menopausal 

osteoporotic rats. 

 

MATERIALS AND METHODS 

 

Experimental Animals and Treatments 

 

Fifty-six female Sprague Dawley rats, aged between 

5-6 months and weighing between 230 to 280 grams 

were supplied from the Animal Resources Unit, 

Universiti Putra Malaysia (UPM). They were kept in 

cages at a temperature of 22oC, with 12-hour light-

dark cycle.  They were fed free access to normal 

diet pellet (Gold Coin, Malaysia) and deionized 

water. 

 

After acclimatization for a week, they were 

allocated into seven groups each of eight rats; Sham

-operated control (SHAM), ovariectomized control 

(OVX), ovariectomized treated with estrogen 

Premarin at 64.5 μg/kg (ERT), ovariectomized 

supplemented with aqueous extract of Ficus carica 

at 50 mg/kg  (AQ50), ovariectomized supplemented 

with aqueous extract of Ficus carica at 100 mg/kg 

(AQ100), ovariectomized supplemented with raw 

Ficus carica at 50 mg/kg (RW50) and ovariectomized 

supplemented with raw Ficus carica at 100 mg/kg 

(RW100).  

 

All the treatments were given after two weeks of 

ovariectomy in order to ensure complete wound 

healing and successful bone loss induction. Approval 

was obtained from Animal Ethics Committee of 

Universiti Sains Islam Malaysia (USIM/AEC/

AUP/2016/(4)).  

 

Ovariectomy procedure 

 

The rats were undergone ovariectomy under 

anaesthesia by injecting 250 mg/kg of 
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b) Bone C-telopeptide of type 1 collagen (CTX-1) 

 

Bone resorption marker, C-telopeptide of type 1 

collagen (CTX-1) was analyzed by using Enzyme-

linked immunosorbent assay (ELISA). The kit used 

was Rat Cross-Linked C-telopeptide of type 1 

collagen kit (Cloud clone, US). Before starting the 

assay, the bone was rinsed with phosphate buffered 

saline (PBS) to remove a blood clot. Then, 20 mg of 

bone was homogenized with PBS buffer, and 

centrifuged at 10,000 x g for 5 minutes. The 

supernatant was then collected for analysis. The 

concentration of a CTX-1 level was measured 

spectrophotometrically at 450 nm and the assay was 

conducted according to manufacturer’s instruction. 

 

c) Bone estrogen level 

 

Bone oestrogen level was measured by using Rat 

Estrogen Elisa kit (Sunlong, China). Bone was rinsed 

and homogenized with PBS buffer. After 

centrifugation for 20 minutes at 3000 rpm, the 

supernatant was collected and measured 

spectrophotometrically at 450 nm. The assay was 

measured according to manufacturer’s instruction. 

 

Data analysis 

 

The results were analysed using the IBM Statistical 

Package for Social Sciences software (SPSS) version 

23.0 using Analysis of variances (ANOVA) followed 

by post hoc Tukey’s test. Significant value was set 

at p< 0.05 and results were presented as mean ± 

standard error of the mean (SEM). 

 

RESULTS 

 

a) Bone Osteocalcin (OC) 

 

 

 

 

 

 

 

 

 

 

Osteocalcin which is a bone formation marker was 

found higher in SHAM than OVX group. 

Ovariectomized rats supplemented with ERT, AQ50, 

AQ100, RW50 and RW100 showed an increased trend 

in osteocalcin level albeit not significant.  

b) Bone C-Telopeptide of Type 1 Collagen (CTX-1) 

 

 

 

Figure 1. Level of osteocalcin of all groups. Results  
expressed as mean ± SEM (p<0.05). 

Figure 2 Level of CTX-1 of all groups. Results expressed 
as mean ± SEM (p<0.05). ‘*’ indicates significant              

difference compared to OVX group.  

C-telopeptide of type 1 collagen (CTX-1) which is a 

bone resorption marker was lower in SHAM compared 

with OVX group. Ovariectomized rats supplemented 

with ERT, AQ50 and AQ100 showed decreasing trend 

although not significant. The CTX-1 level of RW50 

and RW100 was significantly reduced compared with 

OVX group. 

 

c) Bone oestrogen level 

Figure 3 Level of bone oestrogen of all groups. Results 
expressed as mean ± SEM (p<0.05). 
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 is consistent with previous literatures.35,36 However, 

a study found that OVX group has high concentration 

of both markers OC and CTX-1 due to high bone 

turnover rate.31 Ce et al. 37 proposed that bone 

resorbed can be partially balanced with newly 

formed bone and even the bone resorption rate can 

outweigh the bone formation rate in osteoporotic 

condition. Ovariectomized rat introduced with RW 50 

and RW100 showed significantly reduced CTX-1 level. 

These showed that RW50 and RW100 have potential 

in reducing bone resorption activity thus, preventing 

bone loss induced by ovariectomy.  

 

Phytoestrogens have been hypothesized to possess a 

promising alternative treatment for post-menopausal 

osteoporosis due to its structural similarity to 

estradiol. Tousen et al. 38 reported that consumption 

of low dietary intake of phytoestrogen may reduce 

bone mineral density (BMD) of post-menopausal 

women. Hence, phytoestrogen intake may be helpful 

in preventing bone loss following menopause. 

Estrogen level was measured to determine the 

potential oestrogenic activities of FC. In this study, 

RW50 and RW100 have higher binding affinity to 

oestrogen receptor compared to ERT, FC50 and 

FC100 albeit not significant. The result parallels with 

OC and CTX-1 in which both RW50 and RW100 

showed better findings in comparison with FC50 and 

FC100. Isolation of FC compounds that is responsible 

to these effects is warranted to explore detailed 

mechanism in protecting bone loss.  

 

Therefore, based on the results, it was shown that 

the protective effects of FC supplementation are due 

to its anti-resorptive activity even though it has low 

oestrogenic properties. Currently, Adlina et al.39 

have reported that, supplementation with raw             

Ficus carica at 50 mg/kg and 100 mg/kg                       

were able to improve bone micro-architecture                

including significantly reduced trabecular separation, 

increases trabecular number, significantly increased 

connectivity density and increases bone volume 

fraction compared to OVX group. This previous study 

has supported our result on the protective effects of 

FC supplementation against bone loss as reflected in 

bone biochemical markers. 

 

The improvement in bone metabolism of 

ovariectomized rats supplemented with Ficus carica 

(FC) may be due to the presence of mineral such as 

strontium, calcium, magnesium, phosphorus and iron 

which are essential in developing healthy bones.17 In 

 The bone oestrogen level was assessed to evaluate 

FC binding to oestrogen receptor. It was shown that, 

all treatments: ERT, FC50, FC100, RW50 and RW100 

have an increasing trend in oestrogen level 

compared with OVX group albeit not significant.   

 

DISCUSSION 

 

Osteoporosis is commonly occurring among women 

compared to men due to the reduction of oestrogen 

release following menopause. In this study, the 

bone metabolism was examined by assessing bone 

biochemical markers changes which are the 

osteocalcin (OC) and C-telopeptide of type 1 

collagen (CTX-1). Sham-operated (SHAM) group is a 

control group used to mimic ovariectomy procedure 

without removal of ovaries to give same stress as 

other groups to avoid bias. Ovariectomized (OVX) 

control group as negative control group. In this 

group, rats were ovariectomized to induce 

osteoporotic condition 31 and as an indicator of post-

menopausal osteoporosis to be compared with other 

groups. Estrogen replacement therapy (ERT) group 

represented as positive control since estrogen is the 

standard treatment to treat osteoporosis in for post-

menopausal women. 

 

Osteocalcin and CTX-1 were chosen as bone markers 

useful to reflect bone remodelling.32 Osteocalcin, a 

bone formation marker is synthesized by osteoblast. 

Based on the results, osteocalcin level in OVX group 

was slightly reduced compared to SHAM group 

although not significant. However, this result was 

not in agreement with the previous study as               

they found osteocalcin level was higher in 

ovariectomized rats.33 They explained that, 

elevation in osteocalcin level probably due to 

compensation of bone turnover. Our findings 

reported that supplementation with AQ100, RW50 

and RW100 has potential to increase OC level higher 

than OVX group. Future studies are warranted to use 

higher concentrations of Ficus carica (FC) 

supplementation to improve bone metabolism.  

 

C-telopeptide of type 1 collagen (CTX-1) is a 

peptide fragment released resulting from 

osteoclastic resorption process. Garnero et al.34 

revealed that, post-menopausal women have 86% 

higher serum CTX-1 than in premenopausal women 

and CTX -1 level showed indirectly proportional to 

bone mineral mass. Based on the results, SHAM 

group had lower CTX-1 level than OVX group which 
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addition, FC fruits are rich in bioactive compounds as 

examples phenolic acid, flavanoid, alkaloid, saponin, 

anthocyanin and quercetin that contributed to their 

high antioxidant activities.17,40–42 These polyphenols 

are well known in improving bone health by 

exhibiting anti-oxidative effects and anti-

inflammatory actions.19 There was a study reported 

that quercetin inhibited osteoclastogenesis by 

suppressing the activation of receptor activator of 

nuclear factor kappa-Β ligand (RANKL).43  

 

Post-menopausal women are more susceptible to 

oxidative stress as they have loss the protective 

effects of oestrogen and may lead to the 

development of osteoporosis by stimulating 

osteoclastogenesis via activation of nuclear factor 

kappa B (NF-kB).44 Studies on in vitro antioxidant 

activities have been investigated by numerous 

researchers proving that FC possessed high 

scavenging activities.45,46 Therefore, the ability of FC 

in scavenging free radical may improve bone health 

by reducing oxidative stress and osteoclast activity. 

In addition, anti-oxidative effects of FC also have 

been evaluated in vivo studies showing that FC is 

able to improve antioxidant defence such as 

superoxide dismutase, glutathione S-transferase, 

glutathione reductase and catalase.47 Hence, 

consumption of anti-oxidative compounds from FC 

may support endogenous antioxidant defence against 

free radicals and combating reactive oxygen species 

(ROS) which protect the bone of ovariectomized rats. 

 

Besides, FC also exhibited anti-inflammatory action 

as it had shown to reduce bone-resorbing cytokines 

including interleukin (IL) -1 (IL-1), tumor necrosis 

factor alpha (TNF-α) and IL-6.20 The inhibitory 

effects on these cytokines will suppress bone 

resorption activity by reducing osteoclast 

differentiation.25,48 Previous study had proven that 

blockade of either TNF-α or IL-6 will reduce the 

serum CTX-1.49  

 

CONCLUSION 

 

As a conclusion, in terms of bone biochemical 

markers and oestrogen level, the effects of FC 

supplementation were comparative to estrogen 

replacement therapy. The results showed trends in 

improving the bone formation marker and oestrogen 

level. Moreover, a significant reduction has been 

observed in bone resorption activity of raw Ficus 

carica at 50 mg/kg and 100 mg/kg. Therefore, the 

osteo-protective effects of FC are due to reduction 

of bone resorption activity rather than bone 

formation activity. Hence, it may have potential as 

an anti-osteoporotic agent to replace oestrogen 

replacement therapy with minimal adverse effect as 

a treatment for post-menopausal osteoporosis in 

women. Future studies on the anti-osteoporotic 

effects of FC with higher doses are warranted to 

provide a more meaningful mechanistic overview of 

FC.  
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